Abstract-Circadian variation in susceptibility to the ambulation-increasing effect of scopolamine in mice was investigated. The mice housed under a 1 2-hr light-dark situation (light period: 6:00-18:00 and dark period: 18:00-6:00) for 5 weeks were administered scopolamine H Br at 0.5 or 2 mg/kg s.c. at one of six times of the day (3:00, 7:00, 11:00, 15:00, 19:00 and 23:00), and the ambulatory activity was measured for 2 hr. Scopolamine induced a dose-dependent increase in the ambulatory activity. In addition, there was a clear circadian variation in the susceptibility to the ambulation increasing effect of scopolamine. The highest and the lowest overall activity counts during the 2 hr observation period were found when the drug was administered at 3:00 and 15:00, respectively. The present results suggest that the susceptibility to scopolamine in mice is dependent on the time-of-day at which the drug is administered. The reasons which may induce this circadian variation in susceptibility to scopolamine are discussed.
suppression and free-operant avoidance situations showed a circadian variation with a maximum effect during the dark period and a minimum effect during the light period. Even though scopolamine induces an in crease in the ambulatory activity in mice (16 18) , there are few studies on the circadian variation in the effect of scopolamine on it.
The purpose of this experiment was to investigate the existence of circadian variation in the scopolamine-induced increase in the ambulatory activity of mice.
Materials and Methods
Animals: The experimental animals used were 288 male mice of the dd strain which had been provided by the breeding colony of Gunma University School of Medicine at the age of 3 weeks. Thirty-six groups of 8 mice each were housed in aluminium cages of 35 (D) x 25(W) x 10(H) cm with a wooden chips floor mat, and the mice were given & S. TADOKORO freely solid diet (MF: Oriental Yeast Co., Tokyo) and tap water until use in the experi ment. The breeding room was artificially illuminated by fluorescent lamps on a 12-hr light-dark schedule (light period: 6:00 18:00 and dark period: 18:00-6:00).
During the light and dark periods, the intensities of the illumination in the breeding cage were about 500 and 1 Lx, respectively. The room temperature was regulated at 23±2'C, but humidity was not controlled.
When the mice achieved 8 weeks of age and weighed 28-32 g, they were divided into 18 groups of 16 mice each and were used in the experiment. Repeated use of the mice was avoided.
Apparatus
and procedure:
The sixteen tilting-type round activity cages of 25 cm in diameter and 13 cm in height used in the present experiment were the same as those used in the previous experiment (6) . The principle of the device and the method for measurement of ambulatory activity in mice were described by Hirabayashi et al. (19) . Briefly, each slight tilt of the activity cage according to ambulatory movement of the mouse was recorded by microswitches at tached to the cage.
Each mouse was put into the activity cage, and the cumulative ambulatory activity counts during 10 min segments were recorded for respectively 30 min and 120 min before and after the drug administration. The intensities of the illumination in the activity cages were about 500 and 1 Lx during the light and dark periods, respectively. Drug: The drug used was scopolamine HBr (Sigma Chemical Co., St. Louis, MO), and it was used at the doses of 0.5 and 2 mg/ kg s.c. The drug was dissolved in a physio logical saline vehicle, and the doses were expressed in terms of the salt form. The volume administered was fixed to 10 ml/kg. Scopolamine was administered at one of six times of the day (3:00, 7:00, 11:00, 15:00, 19:00 and 23:00). The control animals were administered the saline vehicle alone at the corresponding times of day. For each test, 16 drug-naive mice were used.
Statistical analysis: The data were sta tistically analyzed by a two-factor analysis of variance (ANOVA). The first factor was the time-of-day (6 levels), and the second factor was the doses (3 levels including the saline vehicle as dose 0). Figure 1 shows time course changes in the mean ambulatory activity counts of 16 mice after the administration of the saline vehicle and scopolamine at 0.5 and 2 mg/kg s.c., at 3:00, 7:00, 11-00, 15:00, 19-00 and 23:00. Figure 2 shows the mean overall ambulatory activity counts during the observation period of 2 hr. Scopolamine induced a dose dependent increase in the ambulatory activity at any of the times of day for drug administration.
Results
In addition, a clear circadian variation in the ambulatory activity counts was found after the administration of both the saline vehicle and scopolamine. ANOVA revealed significant time-of-day, F(5, 270)=135.78, P<0.001, and dose dependent, F(2, 270)=51.39, P<0.001, changes in the ambulatory activity counts. The highest and the lowest overall ambulatory activity counts were observed after the administration of both the saline vehicle and scopolamine at 3:00 and 15:00, respectively. The persistence of the increased ambulatory activity was the longest when scopolamine was administered at 3:00 and conversely, the shortest when given at 15:00.
Discussion
The present experiment demonstrates that there is a clear circadian variation in the scopolamine-induced increase in the ambulatory activity in mice. The highest susceptibility to scopolamine was found in Fig. 1 . Time course changes in mean ambulatory activity counts of the mice given a physiological saline vehicle or scopolamine H Br at 0.5 and 2 mg/kg s.c. at one of six times of the day (3:00, 7:00, 11 :00, 15:00, 19:00 and 23:00). The saline vehicle or scopolamine was administered after an adaptation period of 30 min for the tilting-type round activity cage of 25 cm in diameter and 13 cm in height, and the cumulative ambulatory activity counts during 10 min segments were measured for 120 min thereafter. The mice tested had been housed under a 12-hr light-dark situation (light period: 6:00-18:00 and dark period: 18:00-6:00) for 5 weeks before use in the experiment. (15) that the modification of conditioned suppression behavior and facilitation of the free-operant avoidance responding in rats after sco polamine were more marked when scopola mine was administered during the dark period than when it was given during the light period. For the production of circadian variation in the susceptibility to scopolamine, various factors such as pharmacokinetic mechanisms, namely, absorption, metabolism and excretion of the drug, as well as pharmacodynamic mechanisms, namely, muscarinic-cholinergic receptor sensitivity and acetylcholine levels in the brain, are considered to be involved.
The absorbed scopolamine is mainly metabolized in the liver. It has been reported that drug-metabolizing enzyme activities of the liver are higher during the dark period than during the light period in mice and rats (20, 21) and that the highest response to several types of drugs are found during the light period when administered to mice and rats (8, 9, 20, 21) . However, the duration of the effect of scopolamine observed in the present experiment was longer during the dark period than during the light period, and the highest overall ambulatory activity count was found after the administration of sco polamine at 3:00. Therefore, it is unlikely that the pharmacokinetic mechanisms can be considered as the main factor for the pro duction of circadian variation in the scopola mine-induced increase in the ambulatory activity in mice.
We do not have any experimental data which demonstrate a correlation between circadian variations in the pharmacodynamic mechanisms and the susceptibility to sco polamine. However, Friedman and Walker There is no report which has studied circadian fluctuation in the muscarinic-cholinergic receptor sensitivity in the mouse and rat. The receptor sensitivity as well as the brain acetylcholine levels may strongly contribute to the susceptibility to scopolamine.
A further study is required to elucidate the circadian variation in the susceptibility to the behavioral effect of scopolamine in mice.
However, it can be concluded from the present experiment that the effect of scopola mine is highly dependent on the time-of-day for the drug administration.
